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Abstract
The provisioning of ecosystem services in tallgrass prairies is mediated by interactions
between the plants, their associated above- and belowground microbiota, and the abiotic
environment, but global change alters these interactions through a variety of pathways. This
study investigates the interactions between belowground microbiota, foliar pathogens, and their
host plants in order to better understand how ecosystem functioning may change in a tallgrass
prairie system under an altered watering regime. The project focuses on North American
tallgrass prairie ecosystems and asks whether host plant diversity and abundance, soil biota, and
water availability interactively affect plant susceptibility to damage by a wide range of
aboveground pathogens and herbivores in a large outdoor experimental garden. Surveyed plant
communities include monocultures of each of seventeen focal plant species and six-species
polycultures containing one or more of the focal species. Each community is planted in either the
presence or absence of live soil biota, and plant communities are watered to replicate natural soil
moisture conditions in a prairie ecosystem or are subjected to drought conditions. Individual
plants were assessed for foliar damage by each of eight different groups of foliar pathogens and
herbivores, quantified as percent of the leaf surface damaged. Plants grown in monoculture
communities experienced more foliar damage from more diverse sources than plants grown in
polyculture communities, suggesting that low diversity plant communities accumulate more
foliar pathogens than high diversity plant communities, and that plants in low-diversity
communities are more susceptible to damage from foliar pathogens than plants in high-diversity
communities. Additionally, host plant community diversity, soil community composition, and
water availability interacted to influence foliar pathogen damage but not diversity of damage
sources. These interactive effects suggest that the identities of the soil biota, host plants, and
foliar pathogens influence the host plant’s susceptibility to foliar infection. Ultimately, our
ability to manage ecosystems in a sustainable way which maintains the provisioning of valuable
ecosystem services is dependent on a nuanced understanding of the underlying interactions
which drive these ecosystems. This study attempts to disentangle the interactions between plants
and their associated microbiota under a changing climate in order to provide insight to an
understudied facet of tallgrass prairie management.
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Introduction
Grassland ecosystems such as tallgrass prairies provide many essential ecosystem
services including food production, pollination, water regulation, erosion control, sources of
biofuel, and emissions offsetting via belowground carbon sequestration (Bengtsson et al. 2019).
The provisioning of these services is mediated by interactions between the plants, their
associated above- and belowground microbiota, and the environment, but global change alters
these interactions through a variety of pathways (Gallagher et al. 2013). Our ability to manage
ecosystems in a sustainable way which maintains the provisioning of valuable ecosystem
services is dependent on a nuanced understanding of the underlying interactions which drive
these ecosystems. My study investigates the interactions between belowground microbiota, foliar
pathogens, and their host plants in order to better understand how ecosystem functioning may
change in a tallgrass prairie system under an altered watering regime.
Aboveground pathogenic infections have significant fitness consequences for individual
host plants and therefore may affect whole ecosystem functioning (Jarosz and Davelos 1995).
Much of the existing work in plant pathosystems focuses on agricultural systems because of the
dramatic effects pathogens can have on crop yields. However, research on natural systems can
provide insight into the ecology and evolution of plant-pathogen interactions (Alexander 2010,
Jarosz and Davelos 1995), and may even inform more sustainable crop disease management
practices (Zhan et al. 2014). Studies of natural systems are broadly limited to single-host-singlepathogen interactions, which provide valuable information on these individual host-pathogen
interactions and coevolutionary processes, but these studies do not account for species diversity
and spatial complexity found in natural plant assemblages (Mundt et al. 2011).
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Plant community diversity and pathogens have been shown to influence each other, with
plant diversity altering infection severity and pathogen diversity (Civitello et al. 2015), and
disease in turn maintaining host community diversity (Allan et al. 2010, Bever et al. 2015).
Studies in grassland systems have shown that high host community diversity promotes increased
aboveground pathogen diversity but also decreases the pathogen load of individual plants
(Rottstock et al. 2014). Monoculture communities act as disease reservoirs to increase incidence
of infection by specialist pathogens, a type of Janzen-Connell effect (Petermann et al. 2008), and
infection severity is higher in monoculture communities with high density due to increased
competition with conspecifics (Lively et al. 1995). High host plant diversity acts as a barrier to
infection for these specialist pathogens by simply reducing the probability of a given pathogen to
encounter the correct host, thereby reducing the probability of initial infection and further
transmission within the community (Rottstock et al. 2014), whereas monocultures support
transmission of pathogens within a community due to local buildup of inoculum (Mundt et al.
2011). More diverse communities also suppress pathogenic infection due to the variety of host
traits within the community that discourage generalist pathogens, and the complementary
resource requirements of the host plants allow the plants to more efficiently utilize space and
resources to fill the three-dimensional space they occupy, acting as a physical barrier to
incoming airborne pathogenic propagules (Rottstock et al. 2014). It is unknown how host plant
community diversity and pathogens feedback onto each other within a given community.
Belowground interactions could fundamentally alter the effects of pathogens on plant
fitness, community-level processes, and ecosystem functioning. At the individual host level, a
diverse belowground microbial community may have net positive fitness implications, when
mycorrhizae increase water uptake in plant roots, or net negative fitness implications when
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belowground microbes are parasitic or pathogenic (van der Heijden et al. 2008). It is well
established that species-specific interactions between plants and their belowground microbial
associates can influence community composition and ecosystem functioning (Schnitzer et al.
2011), but very little is known about how these belowground interactions can influence
aboveground interactions with foliar pathogens outside of the greenhouse setting (Bezemer et al.
2013, Berendsen et al. 2012).
Changes in precipitation can also alter plant-pathogen interactions. Increased leaf wetting
associated with increased rainfall and humidity provides a more suitable habitat for epiphytic
microorganisms, and these microorganisms can in turn modify the leaf wettability to further
improve moisture conditions for themselves and the rest of the community, including pathogenic
microorganisms (Lindow and Brandl 2003). Alternatively, drought may interrupt defensive
systems and make plants more susceptible to pathogenic infection, and fitness effects of infection
may be elevated under drought stress (Garrett et al. 2006). Host plant community diversity may
also interact with water availability to influence plant pathosystems. In diverse communities,
spatial root partitioning increases plant resistance to drought stress (Nippert and Knapp 2007),
which could act as a buffer for pathogen resistance (Desprez-Loustau et al. 2006). Aboveground
host-pathogen interactions may also be affected by changes in belowground interactions due to
an altered precipitation regime resulting from climate change.
The present study addresses how above- and belowground biota interact to influence
plant health under changing precipitation regimes, and how plant community diversity mediates
those interactions. Focusing on Missouri tallgrass prairie ecosystems, I explored whether host
plant community diversity, soil biota, and water availability interactively affect plant
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susceptibility to damage by a wide range of aboveground pathogens and herbivores (thereafter
called “foliar pathogens”) in a large outdoor mesocosm experiment. I hypothesized that:

1.) Increased host plant community diversity will decrease foliar pathogen damage and foliar
pathogen diversity on individual hosts.
2.) The presence of soil biota will decrease foliar pathogen damage and foliar pathogen
diversity on individual hosts.
3.) Drought will eliminate the effects of soil microbes on disease pressure caused by
aboveground enemies, and amplify the effects of host community diversity.
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Methods
Study system
This project took place within the context of an established long-term experimental
tallgrass prairie planting at Washington University in Saint Louis’s Tyson Research Center.
Included in this study were a total of 88 individual communities which were planted in 60-gallon
pots in 2014. Each of these mesocosms contains 36 individual plants, and each community
contains either one species (monoculture) or six species (six individuals per species) of 17
tallgrass prairie plant species (Figure 1, Appendix Tables 1 & 2). Each community composition
is replicated four times, and each of these replicates experiences either drought or a well-watered
regime, and at the time of planting, were either planted in sterilized soil or inoculated with soil
samples taken from an established tallgrass prairie (Figure 2). The mesocosms are outdoors
where they receive natural light. The mesocosms were allowed to establish for 1.5 years before
manipulation of water availability began in the spring of 2016. The well-watered treatment was
watered as-needed during the growing season to achieve a soil moisture content of 35%, which
represents average soil moisture for tallgrass prairies in the area (Fay et al. 2002, Fay et al.
2003). The drought treatment received 40% less water than the well-watered treatment.
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Figure 1. Images of the seventeen host plant species included in this study. See Appendix Table 1 for a list of the
plant species. Images marked with an asterisk (*) are courtesy of Missouri Botanical Garden.
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Figure 2. Experimental mesocosm design. Each pot on the left-hand side represents the conditions of one mesocosm
community. This setup is replicated for each of the 17 species.

Study design
To evaluate how foliar pathogenic damage is influenced by host plant community
diversity, soil biota, and water availability, seventeen host plant species representing eight
different plant families were surveyed (Figure 1). Surveyed mesocosms included four
monocultures of each of the focal species and four six-species mixes containing one or more of
the focal species (Figure 2). In each mesocosm, four individuals of the focal species were
randomly selected to be surveyed; on each individual, four leaves were inspected if available.
Surveyed individuals occurred at the same positions between pots containing the same species,
unless the plant at that position had died, in which case the nearest individual was chosen
instead. Leaves of approximately the same size were chosen to be surveyed to avoid surveying
young leaves which may not have had any foliar pathogen accumulation. A total of 2176
individual samples were taken: 2 levels of host community diversity (mono/poly) x 2 levels of
8

soil biota (live/sterile) x 2 levels of water availability (well watered/drought) x 4 individuals per
plant per pot x 4 leaves per individual x 17 host plant species = 2176 samples. A total of 102
leaves were not located for the survey, which reduced the total data set to 2074 samples. For
each leaf, the percentage of the upper leaf surface damaged by each of eight different groups of
foliar pathogens and herbivores was visually estimated and recorded. Samples of each species
were all collected on the same day to prevent differences in pathogen accumulation between
sampling dates.
Foliar damage was classified into eight broad groups based on visual signs of infection
(Figure 3). These groups were not necessarily taxonomically defined but they facilitated quick
surveys based on morphologically similar disease symptoms. Fungal pathogens belonged to one
of three groups: fungal leaf spots, which were identified by the presence of pale-colored necrotic
tissue that was often surrounded by concentric rings of dying tissue and spores and hyphae which
were visible under a microscope; rust, which was characterized by reddish-orange pustules that
were often surrounded by yellowing tissue; or powdery mildew, identified by whitish spots on
the leaf surface often accompanied by leaf discoloration or distortion and confirmed by the
microscopic presence of conidia. Other pathogens were classified as one of four groups: downy
mildew, characterized by spots of chlorotic or necrotic tissue on the upper leaf surface
accompanied by light-colored spores on the other side of the damaged tissue and confirmed by
the microscopic presence of conidia; bacterial leaf spots, which were highly variable between
host plant species but usually occurred as dark spots of necrotic tissue which lacked spores or
fungal hyphae when examined under a microscope; viral leaf spots, which were also highly
variable between host plant species but most often occurred as discrete patches of chlorotic or
necrotic tissue that were sometimes accompanied by distortions in the leaf texture; or foliar
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nematodes, which were identified as chlorotic or reddish patches of interveinal tissue.
Additionally, leaf damage inflicted by any type of foliar herbivore was recorded as “herbivory.”
The sum of the percent of the leaf damaged by pathogens and herbivores was calculated for each
leaf (“total damage”), as well as a count of the different pathogen groups found on each leaf
(“pathogen count”). The total damage and pathogen count were then averaged across each
individual for the analyses.

Figure 3. Images of the eight types of foliar damage as used in this study. Top (L to R): fungal leaf spot, rust,
bacterial leaf spot, downy mildew. Bottom (L to R): foliar nematodes, herbivory, viral leaf spot, powdery mildew.
Rust image courtesy of Missouri Botanical Garden.

In the fall of 2017, the aboveground biomass of the surveyed plants was harvested, dried,
and weighed by species for each pot. The weights were used to calculate the relative biomass of
each individual as a measure of host plant abundance. When incorporated into the analyses, these
data did not predict foliar pathogen damage and were thus excluded from the study.
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Statistical analysis
Statistical analysis of the effects of host plant community diversity, water availability,
and the presence of soil biota on foliar pathogen diversity and damage was performed using
linear mixed models in R 4.1.0 using the lmerTest package. For all analyses, I used “host
species” as a random factor to treat each species as a replicate across all treatments. Host
community diversity (mono/poly), water (well watered/drought) and soil biota (initially with live
soil biota/ with sterile soil biota) were used as fixed factors, and all two-way and the three-way
interactions were included in the model. The response variable, total foliar damage was averaged
by species across each treatment combination and arcsin(sqrt(x/100))-transformed to fit a normal
distribution. Another model used the count of pathogen types averaged by species across all
treatments as the response variable. I used Type III Analyses of Variance (ANOVA) using
Satterthwaite's method to see which treatments had significant effects on the response variables.
Shapiro-Wilk normality tests were used to confirm the normal distribution of the residuals of all
models. Pairwise contrasts were performed on the estimated marginal means (least-squares
means) to determine statistically significant differences between treatment combinations. This
protocol was repeated to analyze the count of pathogen types across treatments, except the
averaged counts of pathogen types were not transformed.
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Results
Foliar enemy community
Across all treatments, leaves experienced 21% foliar surface damage on average and only
5% of all sampled leaves experienced no foliar damage at all (111 of 2074 samples). Of the 17
host plant species surveyed, all host species experienced foliar damage from herbivores and
multiple types of pathogens (minimum 4 of 7 pathogen types; see Appendix Table 3). Four host
species experienced damage from all eight groups (Andropogon gerardii, Asclepias incarnata,
Rudbeckia hirta, Solidago rigida). Fungal leaf spots, bacterial leaf spots, and foliar herbivory
were observed on at least one individual of all host species. Viral leaf spots were observed on the
fewest host species (10 of 17 host species). Proportionally, herbivory was the main source of
foliar damage, and fungal leaf spots were the main pathogenic source of foliar damage, whereas
downy mildew contributed the least to total foliar damage (Figure 4).
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Figure 4. Proportion of average overall foliar damage consisting of individual pathogen types for all treatment
combinations.

Effects of host plant community diversity on foliar pathogen damage and foliar pathogen
diversity
Plants grown in monocultures experienced greater average foliar damage than plants
grown in polycultures (22.1% vs. 19.5% foliar surface damaged in monocultures vs.
polycultures, p = 0.03). Additionally, plants in monocultures experienced foliar pathogen
damage from more types of pathogens than plants in polycultures (2.02 vs. 1.64, p < 0.001;
Figure 5 and Table 2).
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Table 1. Summary of linear mixed model results for effects of host community composition, soil community
composition, and water availability on arcsin(sqrt(x/100))-transformed total foliar pathogen damage.

Source of variation

df

F

p

Host community composition

1, 112

4.89

0.03

Soil community composition

1, 112

2.10

0.15

Water availability

1, 112

2.27

0.13

Soil:Water

1, 112

0.80

0.37

Soil:Host community

1, 112

0.43

0.51

Water:Host community

1, 112

0.13

0.72

Soil:Water:Host community

1, 112

4.51

0.04

df - Degrees of freedom: numerator, denominator
Table 2. Summary of linear mixed model results for effects of host community composition, soil community
composition, and water availability on count of pathogen types.

Source of variation

df

F

p

Host community composition

1, 112

20.99

< 0.001

Soil community composition

1, 112

1.65

0.20

Water availability

1, 112

3.52

0.06

Soil:Water

1, 112

0.03

0.86

Soil:Host community

1, 112

0.30

0.58

Water:Host community

1, 112

0.11

0.74

Soil:Water:Host community

1, 112

0.61

0.43

df - Degrees of freedom: numerator, denominator
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Figure 5. Count of pathogen types on plants grown in monoculture or polyculture with live soil biota present. Plants
in monocultures experience foliar pathogen damage from more types of pathogens than plants in polycultures (p <
0.001). See Table 2 for statistics.

Effects of soil community composition on foliar pathogen damage and foliar pathogen diversity
Initial presence of live soil biota has no overall effect on total foliar damage (Table 1).
Plants grown in sterile soil without soil biota and plants grown in live soil inoculated with soil
biota at the time of planting experienced similar average foliar damage (22.0% vs. 19.7% foliar
surface damaged in sterile soil vs. live soil, p > 0.1). Soil community composition also did not
influence foliar pathogen diversity (Table 2). Plants grown in sterile soil without soil biota and
plants grown in live soil inoculated with soil biota at the time of planting experienced foliar
damage from a similar number of pathogen types (1.87 vs. 1.78, p > 0.1).
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Effects of water availability on foliar pathogen damage and foliar pathogen diversity
Water availability did not influence foliar pathogen damage (Table 1). Plants grown in
drought watering conditions and plants grown in ambient watering conditions experienced
similar average foliar damage (21.9% vs. 19.8% foliar surface damaged in drought vs. ambient
watering, p > 0.1). Water availability also did not influence foliar pathogen diversity (Table 2).
Plants grown in drought watering conditions and plants grown in ambient watering conditions
experienced foliar damage from a similar number of pathogen types (1.90 vs. 1.76, p = 0.06).

Interactive effects of host plant community diversity, water availability, and soil community
composition on foliar pathogen damage and foliar pathogen diversity
Host plant community diversity, water availability, and soil community composition
interactively affect foliar pathogen damage (Table 1 and Figure 6). Pairwise contrasts of the
three-way interaction revealed three pairs of treatment combinations which experienced
significantly different total foliar pathogen damage (Appendix Table 4). In sterile soil and under
ambient watering conditions, plants in monocultures experienced greater foliar pathogen damage
than plants in polycultures (25% vs. 18% leaf surface damaged by pathogens in monocultures vs.
polycultures, p < 0.01). In monocultures with live soil biota, plants living in drought conditions
experienced greater foliar pathogen damage than plants living in ambient watering conditions
(25% vs. 22%, p = 0.04). In monocultures with ambient watering conditions, plants living in
sterile soil experienced greater foliar pathogen damage than plants living in live soil (25% vs.
17%, p = 0.01). There were no interactive effects of host plant community diversity, water
availability, and soil community composition on foliar pathogen diversity (Table 2).
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Figure 6. Total foliar damage (arcsin(sqrt(/100))-transformed) of plants grown in monoculture or
polyculture under different watering conditions and initially planted in soil with or without live soil biota
(live/sterile). Asterisks above pairs of points indicate significant differences between treatment combinations, as
determined by pairwise contrasts (*: p < 0.05, **: p = 0.01, ***: p < 0.01). Plants in monocultures experience
greater foliar pathogen damage than plants in polycultures but only under ambient watering conditions and without
soil biota present (p < 0.01). Plants under drought conditions experience greater foliar pathogen damage than plants
under ambient watering conditions but only when planted in monocultures and with live soil biota present (p =
0.04). Plants grown in the presence of soil biota experience less foliar pathogen damage than plants which do not
grow in the presence of soil biota when planted in monocultures under ambient watering conditions (p = 0.01). See
Appendix Table 4 for statistics.
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Discussion
My project highlights the need to better understand the interactive effects of plant
community diversity, soil community composition, and water availability on plant health in order
to best support ecosystem functioning under a changing climate. Foliar pathogens were observed
on every host species in every treatment combination, indicating that plant-pathogen interactions
are an important but relatively misunderstood element of tallgrass prairie communities. In line
with my first hypothesis, I found that increased host plant community diversity decreases foliar
pathogen damage and diversity. However, neither soil community composition nor water
availability significantly influenced foliar pathogenic trends of infection, contradicting my
second and third hypotheses. Interactive effects of host plant community diversity, soil
community composition, and water availability were significant, but further investigation is
necessary to understand the mechanisms behind the observed effects.
Host plant community diversity, soil community composition, and water availability
interact to influence foliar pathogen damage but not diversity (Tables 1 and 2). In monoculture
communities with live soil biota present, plants under drought conditions experience greater
foliar pathogen damage than plants under ambient watering conditions. When host plants have
access to water, they are able to overcome detrimental effects of specialist soil pathogens which
have accumulated in the monoculture community. When water is limited, the drought-stressed
plants are further weakened by specialist soil pathogens and cannot resist infection as effectively
(Desprez-Loustau et al. 2006). In a polyculture community, these specialist soil pathogens do not
accumulate as readily as in monocultures (Petermann et al. 2008). Additionally, in sterile soil,
detrimental specialist soil biota may not be present in the first place, and drought stress does not
have a significant effect on foliar pathogen damage on its own (Table 1). Under ambient
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watering conditions and without soil biota present, plants in monocultures experience greater
foliar pathogen damage than plants in polycultures. Without the combined stresses of pathogenic
soil biota or drought, diverse host communities suppress the spread of foliar pathogens while
monoculture host communities serve as disease reservoirs (Mundt et al. 2011). When planted in
monocultures under ambient watering conditions, plants grown in the presence of live soil biota
experience less foliar pathogen damage than plants which do not grow in the presence of soil
biota. Without drought stress, live soil biota provide immune benefits to host plants due to the
accumulation of specialist beneficial belowground organisms (van der Heijden et al. 2008). In
more diverse host communities, specialist beneficial soil biota do not accumulate to high enough
densities to provide a similar level of immune benefit, as ample water availability provides
suitable conditions for all soil biota, including generalist pathogenic taxa (Agrios 2004).
Foliar pathogen damage was influenced by host plant community diversity. In
monoculture plantings, host plants experienced more foliar pathogen damage than those planted
in six-species polycultures. These results are supported by other studies which found that low
host diversity increases foliar pathogen load (e.g., Mitchell et al. 2002). In higher diversity
systems, specialist pathogens are subjected to dispersal barriers that limit their spread within a
community (Rottstock et al. 2014). Additionally, niche complementarity supports increased
individual plant health in diverse systems, which may help plants suppress or resist infection.
Host diversity also suppresses generalist pathogens, as the plants in a diverse community have
different traits which help them resist infection.
Pathogen diversity was higher in monocultures compared to polycultures. These results
contradict other studies in which more diverse host plant communities harbored more diverse
pathogen communities (Rottstock et al. 2014), which I suspect is due to the limited suite of host

19

and pathogen species found in my experimental system. Generalist pathogens which can infect
several host species operate as specialists in systems which only include one potential host
species, as could be the case in this system due to the limited number of potential host species
included in this study. In diverse host communities, specialist pathogens which only infect one or
a few host species will be subjected to dispersal barriers when the host plant is surrounded by
unsuitable hosts. These dispersal barriers suppress specialist pathogens by reducing the chance of
initial infection. In a more natural system, plants within a pathogen’s dispersal range may
represent a different proportion of suitable and unsuitable hosts than seen in this study.
Conversely, in monocultures, once a pathogen initially infects one individual, all nearby plants
are suitable hosts and these pathogens are able to disperse easily within the monoculture
community. In this situation, the arrival of new pathogens able to infect the host species
facilitates the accumulation of pathogen types in monoculture communities. Further investigation
of the pathogen host specificity in this system could help elucidate the mechanism behind the
benefits of increased plant diversity on reduced foliar pathogen load.
Under drought conditions, the difference in pathogen diversity between host community
diversity treatment levels was only significant when live soil biota were present. Under wellwatered (ambient) conditions, the difference in pathogen diversity between host community
diversity treatment levels was significant whether soil biota were present or not. However, as
there was no significant interactive effect of host plant community diversity, soil community
composition, and water availability on foliar pathogen diversity, further research is needed to
understand the factors which influence the differences observed in the different host
communities in this study. Future work which expands the range of host community diversity
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sampled could provide more detail on the importance of soil community composition and water
availability.
While soil community composition may interact with other factors to influence foliar
pathogen damage, on its own there is no significant effect of soil community composition on
foliar pathogen damage or diversity (Tables 1 and 2). A diverse community of soil biota can act
as both a benefit and detriment to host plant health, serving as either an immune system support
or as a reservoir for pathogenic or parasitic microbes (Schnitzer et al. 2011). One explanation for
my result could be that the beneficial and detrimental effects of soil biota are relatively balanced
in this system. The lack of soil biota in the sterile treatment could mean fewer possible stresses
on the plants’ immune systems coming from belowground, but more importantly, there is no
direct immune support from beneficial belowground biota when faced with aboveground
pathogenic infection. In the live soil treatment, detrimental effects of belowground pathogens
and parasites are balanced by the beneficial effects of other belowground biota like mycorrhizae.
Another possible explanation could be the homogenization of soil communities between
treatments over time. While this experimental garden is maintained by taking every precaution to
prevent cross-contamination between the soil communities of different treatments, inoculum has
the potential to be transferred from the live treatment to the sterile treatment by forces out of our
control such as animals who travel between the pots. If this were the case, we would expect to
see a weaker signal from the soil treatment over time in all data collected from this experimental
garden.
As with the soil treatment, water availability may interact with other factors to influence
foliar pathogen damage but it does not influence foliar pathogen damage or diversity on its own
(Tables 1 and 2). Water is essential to the entire community: high water availability supports
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plant health and creates a suitable environment for pathogenic biota (Lindow and Brandl 2003).
When water is restricted, drought-stressed plants are more susceptible to pathogenic infection
(Garrett et al. 2006), but decreased leaf surface moisture may restrict the ability of pathogens to
disperse to new hosts. In this system, the benefits and detriments associated with changing water
availability appear to be in equilibrium.

Conclusions
My study suggests that host plant community diversity plays an important role in plantpathogen interactions of tallgrass prairie systems. Additionally, soil community composition,
water availability, and host community composition interact to further enhance the benefits of
higher community diversity under certain conditions. These results indicate that under climate
change, monoculture communities will be exposed to higher foliar pathogen damage. In order to
mitigate the effects of climate change, biodiverse plantings should be encouraged to reduce the
impact of foliar pathogens. This study adds to a growing body of work investigating multi-hostmulti-pathogen systems, which increases our understanding of natural systems and could inform
more sustainable crop disease management practices, especially under a changing climate.
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Appendix
Table 1. Host plant species. Includes name of the host plant, a common name, its six-letter abbreviation
used in the data analyses, and which plant family it belongs to.

Plant

Common name

Abbreviation in
data

Family

Allium stellatum

Prairie onion

All_ste

Amaryllidaceae

Andropogon gerardii

Big bluestem

And_ger

Poaceae

Asclepias incarnata

Swamp milkweed

Asc_inc

Apocynaceae

Bouteloua curtipendula

Sideoats grama

Bou_cur

Poaceae

Echinacea purpurea

Purple coneflower

Ech_pur

Asteraceae

Elymus canadensis

Canada wild rye

Ely_can

Poaceae

Eryngium yuccifolium

Rattlesnake master

Ery_yuc

Apiaceae

Liatris spicata

Dense blazing star

Lia_spi

Asteraceae

Monarda fistulosa

Wild bergamot

Mon_fis

Lamiaceae

Oenothera macrocarpa

Missouri evening primrose

Oen_mac

Onagraceae

Penstemon digitalis

Foxglove beardtongue

Pen_dig

Plantaginaceae

Pycnanthemum virginianum

Virginia mountain mint

Pyc_vir

Lamiaceae

Ratibida pinnata

Gray-headed coneflower

Rat_pin

Asteraceae

Rudbeckia hirta

Black-eyed Susan

Rud_hir

Asteraceae

Schizachyrium scoparium

Little bluestem

Sch_sco

Poaceae

Solidago rigida

Stiff goldenrod

Sol_rig

Asteraceae

Sorghastrum nutans

Indian grass

Sor_nut

Poaceae

Table 2. Composition of host plant communities. The “Pots” column refers to which of the numbered
mesocosms contained the same species composition. The “Species richness” column refers to whether the
community contained one species (monoculture) or six species (polyculture, see note below). The
“Composition” column details which plant species were planted in that community. The “Species
surveyed” column indicated which of the species present in that community were actually surveyed for
this study. Several species are present in more than one polyculture, but were only surveyed from the
polyculture as indicated in the far right column. Due to individual mortality since the establishment of this
garden, some polycultures may not have contained enough individuals of a given species to include in this
study. Some polycultures also contained Verbena hastata (Ver_has), which was not included in this
study.
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Pots

Species
richness

Composition

Species surveyed

9 10 11 12

Monoculture

Bou_cur

Bou_cur

13 14 15 16

Monoculture

Ery_yuc

Ery_yuc

17 18 19 20

Polyculture

Ech_pur, Ely_can, Oen_mac,
Sol_rig, Sor_nut

Ech_pur, Ely_can, Sol_rig

25 26 27 28

Monoculture

And_ger

And_ger

29 30 31 32

Monoculture

Sch_sco

Sch_sco

41 42 43 44

Monoculture

Rud_hir

Rud_hir

49 50 51 52

Monoculture

Pyc_vir

Pyc_vir

61 62 63 64

Monoculture

Ely_can

Ely_can

69 70 71 72

Monoculture

Pen_dig

Pen_dig

73 74 75 76

Monoculture

Ech_pur

Ech_pur

77 78 79 80

Monoculture

Asc_inc

Asc_inc

89 90 91 92

Monoculture

Oen_mac

Oen_mac

93 94 95 96

Polyculture

Bou_cur, Ech_pur, Oen_mac,
Rat_pin, Sor_nut, Ver_has

Bou_cur, Sor_nut

105 106 107 108

Monoculture

Rat_pin

Rat_pin

113 114 115 116

Polyculture*

Ech_pur, Lia_spi, Oen_mac,
Rat_pin, Rud_hir, Sol_rig

Oen_mac

125 126 127 128

Polyculture

All_ste, Lia_spi, Mon_fis, Pen_dig,
Rat_pin, Sch_sco

Rat_pin, Sch_sco

129 130 131 132

Monoculture

Sor_nut

Sor_nut

137 138 139 140

Polyculture

And_ger, All_ste, Asc_inc, Ery_yuc,
Mon_fis, Rud_hir

And_ger, All_ste, Asc_inc,
Ery_yuc, Mon_fis, Rud_hir

141 142 143 144

Monoculture

Lia_spi

Lia_spi

145 146 147 148

Monoculture

All_ste

All_ste

149 150 151 152

Monoculture

Sol_rig

Sol_rig

153 154 155 156

Polyculture

Bou_cur, Ery_yuc, Lia_spi, Pen_dig,
Pyc_vir, Sch_sco

Pen_dig, Pyc_vir, Lia_spi

157 158 159 160

Monoculture

Mon_fis

Mon_fis

* : The Oen_mac polyculture only contained three species. This polyculture treatment was chosen in place of a sixspecies mix because there were not enough Oen_mac individuals in any of the six-species mixes to survey.
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Table 3. Occurrences of foliar pathogen types on host plant species. Cells marked “YES” indicate that
combination of host species and pathogen type were observed in this study. Cells marked “NO” indicate
that combination of host species and pathogen type were not observed in this study. The last three rows
indicate how many host species a given pathogen type was observed on, the total number of leaves a
given pathogen type was observed on, and the average percent foliar surface damage that pathogen type
caused per leaf, as calculated in Excel.

Host

Rust

Powdery
mildew

Downy
mildew

Fungal
leaf spot

Bacterial
leaf spot

Viral leaf
spot

Nematodes

Herbivory

And_ger

YES

YES

YES

YES

YES

YES

YES

YES

All_ste

YES

NO

NO

YES

YES

NO

YES

YES

Asc_inc

YES

YES

YES

YES

YES

YES

YES

YES

Bou_cur

YES

YES

YES

YES

YES

YES

NO

YES

Ech_pur

YES

NO

YES

YES

YES

YES

YES

YES

Ely_can

YES

YES

YES

YES

YES

NO

YES

YES

Ery_yuc

YES

YES

YES

YES

YES

NO

YES

YES

Lia_spi

NO

YES

YES

YES

YES

NO

NO

YES

Mon_fis

NO

YES

YES

YES

YES

YES

YES

YES

Oen_mac

NO

NO

YES

YES

YES

YES

NO

YES

Pen_dig

YES

NO

YES

YES

YES

YES

YES

YES

Pyc_vir

NO

YES

NO

YES

YES

NO

YES

YES

Rat_pin

NO

YES

NO

YES

YES

YES

YES

YES

Rud_hir

YES

YES

YES

YES

YES

YES

YES

YES

Sch_sco

YES

NO

NO

YES

YES

NO

YES

YES

Sol_rig

YES

YES

YES

YES

YES

YES

YES

YES

Sor_nut

YES

YES

YES

YES

YES

NO

YES

YES

Total
species

12

12

13

17

17

10

14

17

Total
observed

573

263

95

1105

769

372

178

1317

Avg. %
damage

1.97

1.76

0.82

4.23

1.30

3.30

1.05

6.59
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Table 4. Pairwise contrast using the Kenward-Roger method of treatment combinations for log+1transformed total foliar pathogen damage.
Conditions

Contrast

df

t ratio

p

Water = ambient, Soil = live

Host community composition

112

-0.11

0.91

Water = ambient, Soil = sterile

Host community composition

112

2.67

< 0.01

Water = drought, Soil = live

Host community composition

112

1.67

0.10

Water = drought, Soil = sterile

Host community composition

112

0.20

0.84

Community = monoculture, Soil = live

Water availability

112

-2.09

0.04

Community = monoculture, Soil = sterile

Water availability

112

0.93

0.35

Community = polyculture, Soil = live

Water availability

112

-0.32

0.75

Community = polyculture, Soil = sterile

Water availability

112

-1.54

0.13

Water = ambient, Community= monoculture

Soil community composition

112

-2.56

0.01

Water = ambient, Community = polyculture

Soil community composition

112

0.22

0.83

Water = drought, Community = monoculture

Soil community composition

112

0.46

0.65

Water = drought, Community = polyculture

Soil community composition

112

-1.01

0.32
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Table 5. Pairwise contrast using the Kenward-Roger method of treatment combinations for count
of pathogen types.
Conditions

Contrast

df

t ratio

p

Water = ambient, Soil = live

Host community composition

112

2.00

0.05

Water = ambient, Soil = sterile

Host community composition

112

2.24

0.03

Water = drought, Soil = live

Host community composition

112

3.12

< 0.01

Water = drought, Soil = sterile

Host community composition

112

1.78

0.08

Community = monoculture, Soil = live

Water availability

112

-1.41

0.16

Community = monoculture, Soil = sterile

Water availability

112

-0.81

0.42

Community = polyculture, Soil = live

Water availability

112

-0.29

0.77

Community = polyculture, Soil = sterile

Water availability

112

-1.25

0.22

Water = ambient, Community= monoculture

Soil community composition

112

-0.67

0.50

Water = ambient, Community = polyculture

Soil community composition

112

-0.44

0.66

Water = drought, Community = monoculture

Soil community composition

112

-0.07

0.95

Water = drought, Community = polyculture

Soil community composition

112

-1.39

0.17
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